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Abstract 
Curling is a winter sport played by over one million people in at least 33 countries. As with other sports, strategy and 
teamwork play an important role in winning a curling game. Various strategies, such as when you have (or don t 
have) the last stone, can be applied based on the situations. In curling games, it is widely known that the team 
throwing the last stone in the opening end is likely to win. The purpose of this paper is to analyse the outcome of the 
game based on the possession of first stone or last stone per end. For the analysis, data was collected from statistics 
and results of the WCF (World Curling Federation). 628 games (309 men s games and 319 women s games) which 
ended exactly at the tenth end were used. Binary logistic regression in SPSS 20.0 was applied for the analysis. A 
dependent variable was the game outcome, and ten independent variables were the possessions of the last stone per 
end. As a result, it is found that there was a statistical significance (p< 0.05) between the game outcome and the 
possession of the last stone from the first end to the tenth end, except the second end. Specifically, the possession of 
the first or last stone in the ninth end was more closely related to winning the game than other ends.  
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of RMIT University 
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1. Introduction 
With the rapid increase of data in the sports domain, analysis of sports games has become more 
important to improve game performance. Applications of sport analysis cover various purposes such as 
tactical and technical evaluation, analysis of movement, and education for both coaches and players. The 
main focus in sport analysis is how to provide information to enhance the performance of the coaches and 
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the players [1]. Also, the data in sport analysis can provide information for people who like to watch
sports broadcasts such as soccer, baseball, basketball, tennis, ice hockey, and curling [2]. 
Hughes et al. [3] analyzed the 1986 World Cup final. They found that there is significant difference of 
patterns between successful teams and unsuccessful teams, and successful teams played significantly
more touches of the ball per possession than unsuccessful teams. Also, they found that the unsuccessful 
teams ran with the ball and dribbled the ball in their own defensive area in different patterns compared
with the successful teams. In addition, Hughes [4] analyzed that the data of goal scoring and the number 
of touches per possession. He concluded that the passing tactics of a team are dependent upon the skill
levels of the players of each team, and the tactics best suited to a particular team can be gauged by match
and analysis. To provide feedback for ice-hockey and soccer, Franks and Nagelkerke [5] made the stored
database from the times of all specific events such as goals, shots, set plays and so on. From the results of 
study, they analyzed the normalized frequency of goals scored (goals per 1,000 possessions) with respect 
to the number of touches per possession.
Strategies and tactics in curling are applied based on the situation; such as when you have (or don t
have), the last stone; when you are behind (or ahead); when you are playing aggressively (or defensively),
and so on. So, if you want to increase the probability to win, you should predict how the opponent team 
will play and deal with the opponent s strategy appropriately. In other words, you must make a better 
strategy than the opponent teams. For this reason, curling is sometimes referred to as Chess on Ice [6].
A team scores points by having stones in the house. A house consists of a set of concentric circles,
called the 12-foot, 8-foot, 4-foot, and the button [7]. If the stone is closer to the middle of the house than 
any of the opponent s stones, the team scores a point for each of its stones in the house. One of the 
important factors in curling analysis is the score per end [8].
Fig. 1. A scoring example of a curling game
For each end, suppose team A has three stones and team B has two stones in the house, as shown in 
Fig 1. It the stone of team A is closer to the middle of the house than any stones of team B, team A scores
three points, while team B scores zero points [6, 9]. In this regard, curling is different from baseball. In 
baseball, both teams can score in an inning, while in curling, only one team can score in an end. The
possession of the last stone at the opening end depends on the delivery performance of the curlers in the
lead position. The possession of the last stone from the second to the final end is determined according to
the score on the previous end. If a team scores on an end with the last stone, the possession of the first or
last stone is crossed over into the next end [10]. However, if the result on an end is level pegging, the 
possession of the last stone holds as the result of the previous end.
In a related study on curling game analysis, Keith and Kent [9] surveyed world-class curlers to
determine their preferences and probability estimates for given outcomes. They discovered that several of 
these participants have disparate preferences and probability estimates. Kim & Yoon [11] and Kim [12] 
analysed the differences of the strategic frequency among teams from Korea, China and Japan.
It is well known that the team throwing the last stone at the opening and the closing end is likely to 
win. However, due to the lack of related literature and studies, the hypothesis has not been verified yet. 
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Thus, it is important to analyse whether the possession of the first or last stone per end affects the 
outcome of a curling game. In this sense, the purpose of this paper is to analyse the outcome of a curling 
game based on the possession of the first stone or last stone per end, and to confirm the opinions by the 
curling specialists in the field. 
2. Methods  
2.1. Data collection 
For this study, data was collected from the WCF (World Curling Federation), which covers the results 
of world championships from 2003 to 2012; 1296 games in total. 628 games (309 men s games, 319 
women s games) which ended exactly at the tenth end were used. The attributes of the collected data 
consist of game ID, country, gender, score, total score and the final result. Table 1 shows the number of 
games analyzed in this study for each country. 
Table 1. The number of games analysed for each country  
Division USA SCO SWE CAN GER SWI DEN NOR CHN ITL JPN RUS FIN CZE FRA AUS KOR NEW NED LAT IRL Total 
Men 68 61 51 47 64 46 43 59 23 11 10 0 28 17 32 26 12 18 0 0 2 618 
Women 63 51 59 60 41 59 52 36 47 42 42 42 7 16 0 0 12 0 5 4 0 638 
Total 131 112 110 107 105 105 95 95 70 53 52 42 35 33 32 26 24 18 5 4 2 1256 
2.2. Preprocessing 
Data preprocessing was performed to extract the information of the first and last stone per end based 
on the scores of the previous ends. Table 2 shows the sample of the preprocessed data set. In Table 2, 
R  
Table 2. Sample of the data set after pre-processing 
Game 
ID Country Gender Result 
Score 
Total 
First (0) / last (1) stone 
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 
1 
USA 0 0 0 0 1 4 0 1 0 0 0 0 6 0 1 1 0 0 1 0 1 1 1 
GER 0 1 1 0 0 0 2 0 2 1 1 1 8 1 0 0 1 1 0 1 0 0 0 
2 
CAN 0 1 0 1 0 1 1 0 3 0 0 1 7 0 1 0 1 0 0 1 0 0 1 
FRA 0 0 1 0 2 0 0 1 0 0 1 0 5 1 0 1 0 1 1 0 1 1 0 
3 
FRA 0 1 0 1 0 1 0 3 1 1 0 1 8 0 1 0 1 0 1 0 0 0 1 
USA 0 0 1 0 2 0 2 0 0 0 1 0 6 1 0 1 0 1 0 1 1 1 0 
2.3. Statistical analysis  
To verify the hypothesis that the possession of the first or last stone per end effects on the outcome of a 
game, a binary logistic regression analysis in statistic package SPSS 20.0 was used. A dependent variable 
was the game outcome (category type: win and lose), and ten independent variables were which team had 
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the first or last stone per end (category type: first and last). The statistical significance was considered 
with p< 0.05. 
3. Results  
The goal of the logistic regression is to predict the probability of some events happening. The analysed 
results are shown in Table 3. According to Hosmer-Lemeshow test results, the goodness of the model 
shows the acceptable level as  2.698, p-value= 0.952. The predicted accuracy was 64% as shown in 
Table 4. 
Wald statistic and associated probabilities provide an index of the significance of each predictor in the 
equation. The Exp(B) column presents the extent to which raising the corresponding measure by one unit 
influences the odds ratio [13].  
Table 3. The test result of Hosmer and Lemeshow  
Step  F p-value 
1 2.698 8 .952 
Table 4. The classification result 
Result Lose Win Accuracy, % 
Lose 402 226 64 
Win 226 402 64 
Total   64 
3.1. The results of binary logistic regression analysis based on the last stone  
Table 5. The binary logistic regression analysis result with the possession of last stone per end 
End(Last Stone) B S.E Wals F P-value Exp(B) 
1 .279 .125 4.965 1 .026* 1.321 
2 -.090 .127 .494 1 .482 .914 
3 -.472 .137 11.834 1 .001** .624 
4 -.650 .140 21.523 1 .001** .522 
5 -.832 .141 34.633 1 .001** .435 
6 -.535 .141 14.325 1 .001** .585 
7 -.466 .142 10.856 1 .001** .627 
8 -.829 .142 34.045 1 .001** .436 
9 -.881 .140 39.524 1 .001** .414 
10 .694 .127 29.899 1 .001** 2.002 
*p<.05, **p<.001 
 
Table 5 shows the result of the binary regression analysis based on the last stone. From the result, it is 
found that there was a statistical significance (p< 0.05) between the game outcome and the possession of 
the last stone from the first end to the tenth end, except for the second end. Also, it is found that the team 
with the last stone at the first and the last ends had more possibility to win the end. Specifically, the 
possession of the last stone in the ninth end was more closely related to winning the game than other ends 
(Wals = 39.524). The following important ends are the fifth and the eighth ends in order.  
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3.2. Score analysis per end  
From the preprocessed data, the s records were extracted to analyze the ratio of 
possession of the first or last stone per end and the average scores per end. The results are presented in 
Table 6.  The followings are findings from the results. 
First, the number of games with the last stone in the first, second and the tenth ends was more than the 
number of games with the first stone. However, there was no statistical significance between the two 
numbers in the second end (p<0.05).  
Second, there was a causal relation between the possession of the last stone at the tenth end and the 
score at the ninth end. This implies that the winning teams prefer the possession of the last stone at the 
closing end, after yielding the minimum points at the ninth end. 
Third, the average scores with the last stone were higher than the average scores with the first stone for 
the entire ends. The winners especially obtained a higher average score (1.281 points) than the opponent 
at the seventh end with the last stone.  
Fourth, the average scores of the winners at the first end with the first stone (0.204 point) and with the 
last stone (0.875 points) were the lowest. From this result, it is assumed that most teams would intend to 
check the ice condition and to investigate the opponent team  strategy in the first end.  
Table 6. The number of games for first or last stone and the average scores per end for the winning teams 
Division End Total 1 2 3 4 5 6 7 8 9 10 
# of games with first stone (A) 309 313 331 327 348 330 326 335 370 240 3,229 
# of games with last stone (B) 319 315 297 301 280 298 302 293 258 388 3,051 
Total # of games (A+B) 628 628 628 628 628 628 628 628 628 628 6,280 
AvgScore with first stone (C) 0.204 0.220 0.287 0.352 0.313 0.312 0.298 0.451 0.251 1.138 3.826 
AvgScore with last stone (D) 0.875 1.067 1.219 1.213 1.214 1.258 1.281 1.276 0.891 1.250 11.545 
AvgScore per end  
(A*B+C*D) / A+B) 0.545 0.645 0.728 0.764 0.715 0.761 0.771 0.836 0.514 1.201 7.486 
AvgScore Difference (D-C) 0.671 0.846 0.932 0.861 0.901 0.946 0.984 0.826 0.640 0.113 7.719 
4. Conclusion  
This paper analysed the outcome of curling games based on the possession of the first stone or last 
stone per end. From the statistical analysis, it is found that the possession of the last stone in the opening 
end and closing end increase the probability of winning the game more than other ends. The winners tend 
to possess the last stone at the first and the tenth end, and the first stone from the third to the ninth end. In 
addition, the average scores with first and last stone in the opening end are lower than the average scores 
in other ends. The reason is that most teams would like to check ice condition and to investigate the 
opponent team s strategy. Therefore, to win a curling game, one should establish good strategies and 
tactics for the possession of the last stone at the opening and the closing ends.  
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